Asthma and Atopy
Asthma is a complex multifactorial disease that is characterized by reversible airway obstruction, airway hyperresponsiveness, and eosinophilic airway inflammation (1) . Atopy is the most significant risk factor for asthma development, with approximately 85% of children who develop asthma and 40-50% of adults with new-onset asthma having an allergic response to aeroallergens (1) (2) (3) (4) . Several studies reveal a link between IgE and asthma (2, (4) (5) (6) (7) (8) . Even in nonatopic asthma, the presence of eosinophilic airway inflammation suggests that similar atopic-like immune processes are important in the development of this disease (1, 9) .
However, atopy alone does not account for asthma: many persons are atopic but not asthmatic. Given the multiple processes involved in asthma pathogenesis, it seems likely that several genes play a role in asthma development. One example is airway hyperresponsiveness, an important defining feature of asthma. A polymorphism of the gene that codes for the 32 receptor is associated with airway hyperresponsiveness and may mediate this phenomenon in asthma (10) . The location of this gene is of interest-it is located near a cluster of genes on chromosome 5q, which plays a key role in mediating atopic inflammation. Although it has been thought that atopic inflammation causes airway hyperresponsiveness, the clustering of these genes provides an alternate explanation for the link between atopy and airway hyperreponsiveness in asthma.
Environmental influences are also an important determinant in the development of an atopic or asthmatic phenotype. Persons prone for development of atopy may only develop such responses if living in environments that induce expression of proatopy genes. Prime examples of such environments are those rich in airborne (house dust mite and pollen) and orally encountered antigens (11) . Likewise, with decreased exposure to such environmental factors, there is often a decrease in the severity of atopic disease in affected individuals (3, 12) . The effects of air pollutants, lifestyle factors, and urbanization on the development of atopy and asthma are more controversial.
A logical target for examination of the effect of environment and lifestyle on development of asthma is the effect of environmental influences on the immune response to antigens, with emphasis on development of atopy.
Antigen Presentation
Development of immune responses to specific antigens is a complex process, and it has been reviewed elsewhere (13, 14) . Initially, antigens are taken up by a number of cells that can act as antigen-presenting cells, which, as their name implies, process antigens and then present them to either CD8+ or CD4+ T lymphocytes. These lymphocytes then direct specific immune responses against processed specific antigens. CD8+ lymphocytes direct responses against derived antigens produced within host cells, whereas CD4+ lymphocytes direct responses against antigens encountered outside of the host cell (13, 14) . Antigen (13, 14) .
APCs take up antigen via phagocytosis and digest these extracellularly derived molecules in a lysosome or endosome. Independently, MHC II molecules are generated in the Golgi apparatus. Vesides containing MHC II molecules then fuse with the endosomes containing digested foreign antigens and the antigen is bound to the MHC II molecule. This complex is then transported to the surface of the APC and interacts with clustered receptors on the surface of the CD4+ T lymphocyte.
These cell molecules include the CD4+ receptor, the T-cell receptor, and the CD3 molecule. After the MHC II-antigen complex interacts with the surface molecules of the CD4+ T cell, the T cell is activated. The resulting immune response ultimately results in production of immunoglobulins directed against specific antigens (or antibodies) as well as secretion of a number of cytokines that promote growth and differentiation of effector cells in bone marrow and other tissues which complete the immune response directed against the specific antigen (13, 14) .
A number of inherited immune defects demonstrate how essential these processes are in directing immune responses (15 There is a difference in cytokine secretion profiles of CD4+ T cells recovered from atopic and nonatopic subjects (16, 17) . These cytokines mediate specific responses in immune cells and other tissues that result in the Thl and Th2 characteristics outlined in "Atopic T Helper (Th)-2 Versus Nonatopic Thl Immune Responses" (11) . A summary of these cytokine actions follows [reviewed by Blumenthal (3) Infants who are exclusively breast-fed appear to have decreased risk for the development of food allergy than infants who are not breast-fed or who are have other food exposures. It has also been suggested that food allergens that may be secreted into breast milk may pose a risk for sensitization in those exposed infants. Although decreased foreign food exposure is one mechanism by which breast-feeding of infants may be protective, the presence of maternal IgA in breast milk may also be important. Although data can be cited on either side of the breast-feeding argument regarding its role in protection against food allergies, the weight of evidence indicates that food allergen avoidance in at-risk infants is protective against the development of atopy ( 11) .
In addition to allergen exposure, maternal tobacco smoking has also been linked to increased rates of wheezing and asthma in exposed children, increased bronchial reactivity, and increased total and antigenspecific IgE (11, (39) (40) (41) 1990 , studies of the prevalence of atopy and asthma in children from East and West Germany revealed that children from the east, albeit more likely to be diagnosed with bronchitis, were less likely to have atopy, had fewer positive skin tests, and were less likely to have asthma than their western counterparts (42) . Although it was unclear which lifestyle factors were influencing atopy development, there were some candidate influences. Children in the east were more likely to be placed in day care than those in the west. Also, potential differences in diet, especially fat intake, were suggested as possible influences. In the early 1990s, particulate pollution was higher in the east, whereas private automobile use and ozone exposure were more common in the west. Allergen exposure was not thought to be substantially different in the east than in the west.
It is now a few years later, and rates of atopy in eastern Germany have increased and are approaching those found in western Germany. This has been associated with the development of a more westernized lifestyle in the east, including decreased use of coal in industry, increased automobile use, and increased availability of high-fat foods. Decreased exercise and changes in architectural style have also been associated with the development of atopy and asthma. A 
Infections and Antibiotics: Effect on Thi versus Th2 Cytokine Expression
There is evidence to suggest that fetal immune function is primarily of the Th2 type (23-25, 30,31,33,34,37,43) . It has been further suggested that environmental stresses which suppress Thl responses of the infant may allow for the persistence of Th2 immune function, thus increasing the potential for development of atopic diseases such as asthma (31, 37, 44) . Among the most frequently reported immunological features manifesting in children with atopic diseases is decreased ability of circulating mononuclear cells to produce interferon-y after in vitro stimulation with either mitogens or specific allergens (24, 30, 36, 31, 45) . Interferon-y plays a key role in expression of a Thl phenotype and antagonizes the action of IL-4, which allows for the development of IgE. Against this backdrop, the role of interventional modifiers of Thl responsiveness (vaccines, infections, and antibiotics) on atopy will be reviewed.
Perhaps one of the most interesting and controversial observations on the role of Thl stimuli on Th2 expression is found when examining the effect of the antituberculosis vaccine Bacillus Calmette-Guerin (BCG) on the development of atopy. Japanese schoolchildren, who routinely undergo BCG vaccination, had a significant inverse relationship between delayed hypersensitivity to Mycobacterium tuberculosis and incidence of asthma and elevation of IgE (46) . As with many studies of environmental influences on atopic disease, there are confounding data. Studies in Britain fail to show a relationship between response to BCG vaccination and atopy (46) . Furthermore, whether the observations by Shirakawa et al. (45) result from the effect of the vaccine itselfor the innate ability of that child to respond to that vaccine is open to debate (46) . However, experiments in mice, which demonstrate that immunization with BCG blunts development of allergen-specific IgE and eosinophilic responses to allergen after allergen challenge, support the idea that BCG vaccine is a potent Thl stimulus (47) . Taken together, these observations support the notion that BCG stimulates increased Thl function and is associated with decreased Th2 immune responsiveness.
It has also been argued that decreased incidence of infection and frequent use of antibiotics may also be contributing to the development of atopy. The hypothesis is that by decreasing exposure to Thl stimuli (either by active infection or by alteration of bacterial colonization, which may stimulate Thl immune responses), the Th2 immune responsiveness expressed by the fetus has a better chance of being maintained, thus allowing for expression of the immune phenotype. The use of antibiotics in the early years of life correlates with the subsequent development of atopy. Similarly, in societies in which antibiotic use is decreased and natural infections are more frequent, atopy occurs less frequently. However, despite these data, it seems unlikely that children at very high risk for asthma (inner-city African Americans) have increased exposure to antibiotics compared to more affluent populations at lesser risk (31, 32) .
In addition to antigen-specific immune responses, it has been suggested that accessory molecules expressed by bacteria (classic Thl stimuli) may contribute to immune maturation such that Thl responses are emphasized (31, 48) . Lipopolysaccharide (LPS) is a molecule expressed on all gram-negative bacteria that interacts with antigen-presenting cells and other immune effector cells via the CD14 receptor. Treatment of APCs with LPS results in secretion of IL-12, which in turn blunts Th2 responses and stimulates interferon-y secretion. It has been argued that mucosal colonization with bacteria, including LPS-bearing organisms, allows for nonspecific deviation toward the Thl phenotype. Recently, it was found that the gene for CD14 colocalizes with genes for IL-3, IL-4, and GM-CSF on the chromosome region 5q3 1.1. Furthermore, a specific polymorphism has been identified (a C-to-T transition at base pair -159) in which those children homozygous for the T allele have significantly higher levels of soluble CD14 than do heterozygotes or those who are homozygous for the C allele (48) . In turn, serum levels of CD14 (which could mediate LPS interaction with APCs) have a significant positive correlation with interferon-y and a negative correlation with IL-4 (48 ETS. There is extensive literature indicating that ETS is a significant exacerbating factor for a number of respiratory tract diseases, including asthma, which has been extensively reviewed (39) (40) (41) . Asthma-specific end points increased by ETS include the risk of hospitalization, medication use, airway hyperresponsiveness and, rarely, atopy or increased IgE (39) (40) (41) . ETS or maternal smoking during pregnancy appears to be an especially important risk factor for the development of asthma in the first year of life. However, despite strong epidemiological evidence that ETS poses a significant risk for asthma exacerbation, candidate mechanisms of action remain undefined (40) .
Recently, tobacco smoke extracts were shown to alter monocyte function in mice (59) . Among those functions suppressed are those that are commonly mediated by interferon-y, including phagocytosis of opsonized antigens, MHC class II molecule expression, oxidative burst, and NO synthesis. Activities not suppressed, including TNF-a production, are not induced by interferon-y. Similarly, PAHs, the same species of molecules that likely mediate the Th2-promoting actions of DEPs, are also found in ETS.
Endotoxin. An inability to respond to LPS (mediated by CD14 receptor polymorphisms) may enhance initial expression of a Th2-immune phenotype (47) . However, in persons already sensitized, it seems likely that LPS augments the expression of Th2 inflammation. There is evidence that levels of LPS in house dust are more predictive of asthma severity in mite-sensitive asthmatics than mite allergen levels in the same samples (60) . Furthermore, asthmatics have increased nonspecific airway responsiveness after exposure to LPS [reviewed by Peden (50) ]. Atopic subjects yield eosinophilic responses to LPS and LPS pretreatment enhances response to inhaled allergens (50, 61) . Likewise, allergen challenge yields increased levels of CD 14 in bronchoalveolar lavage fluid and enhances PMN and eosinophil responses to LPS in the nasal airways (50, 62) . However, for the most part, the ability of LPS to induce asthma and atopic responses has only been observed in subjects already found to have atopy.
Ozone and other criteria pollutants. As with LPS, ozone clearly has adverse effects on persons already diagnosed as atopic or asthmatic (48) (49) (50) (51) . This pollutant is linked to increased medication use, increased hospitalization, and increased emergency room visits. Likewise, in both animal and human models, this gas can enhance both immediate and late-phase inflammation associated with allergen exposure and can directly induce eosinophil responses in atopic subjects. However, there is no clear indication that this pollutant, SO2, or NO2 play a role in asthma pathogenesis or the induction of atopy. There are several complete reviews outlining the effects of ozone and other criteria air pollutants in asthma and atopy (48) (49) (50) (51) Another important question is if the timing of exposure to potential environmental stresses is important in subsequent postnatal expression of an atopic/asthmatic phenotype ( Table 2) . Other than carrying genes that predispose an individual to developing atopic responses, preconceptional exposure of parents to environmental factors is unlikely to be an important window of exposure for the development of atopy in subsequent offspring. 
